To address these problems with adherence, diversion, and nonmedical use, an implantable formulation of buprenorphine has been developed. This implant is a polymeric matrix composed of ethylene vinyl acetate and buprenorphine that delivers buprenorphine over 6 months. Following an initial pulse release, a constant and low level of buprenorphine is released, avoiding plasma peaks and troughs observed with sublingual administration. A preliminary open-label phase 2 study reported favorable results with this implant in opioid-dependent patients. 13 The present study reports results of a phase 3 multicenter, randomized, placebo-controlled investigation of buprenorphine implants for treatment of opioid dependence.
METHODS

Participants
Patients were recruited for the study from 6 academic, 3 Veterans Affairs, and 9 nonprofit community addiction treatment centers in the United States between April 2007 and June 2008. The study was approved by institutional review boards at each site, and written informed consent was obtained from all participants.
To be eligible for the study, men or nonpregnant women, aged 18 to 65 years, were required to meet Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) (DSM-IV) diagnosis of current opioid dependence at a screening visit as determined by the Mini International Neuropsychiatric Interview.
14 Exclusion criteria were AIDS, met DSM-IV criteria for current dependence on psychoactive substances other than opioids or nicotine, currently using nonprescribed benzodiazepines, had received medication treatment for opioid dependence within the previous 90 days, or had a current diagnosis of chronic pain that required opioid treatment. Patients were also excluded if they had any of the following: aspartate aminotransferase (AST) levels at least 3 times higher than the upper limit of normal, alanine aminotransferase (ALT) levels at least 3 times the upper limit of normal, total bilirubin levels of at least 1.5 times the upper limit of normal, or creatinine levels at least 1.5 times the upper limit of normal.
Demographics and history were collected by patient self-report based on a list of choices.
Study Intervention and Randomization
Eligible patients entered into an openlabel induction phase designed to ensure that buprenorphine could be safely administered. Patients were required to complete induction within 10 days of screening and receive a fixed dose of 12 to 16 mg/d sublingual buprenorphine-naloxone tablets for at least 3 consecutive days immediately before randomization. Patients were excluded from participation if during the induction phase they had reported significant withdrawal symptoms, defined as more than 12 on the Clinical Opiate Withdrawal Scale, 15 or significant cravings for opioids, defined as more than 20 mm on a 100-mm opioid craving visual analog scale (VAS).
At the end of the induction phase, patients were randomized (stratified by sex and site) at a 2:1 ratio to doubleblind treatment with either 4 buprenorphine implants (80 mg each) or 4 placebo implants. The 2:1 ratio was used to reduce patient exposure to placebo implants. The implants (26 mm in length ϫ 2.5 mm in diameter) were placed in the subdermal space (2-3 mm below the skin) all at the same time in the inner side of the nondominant arm by a physician who had participated in a 1-day training in implant insertion and removal or who had prior similar experience. No sutures are required for implantation (sutures were used at removal). The physicians who placed and removed the implants were from various medical specialties (eg, family practice, psychiatry, dermatology, obstetrics and gynecology) and had surgical training but did not serve as the site investigator. The implants were removed after 6 months.
After implant placement, patients could receive supplemental sublingual buprenorphine-naloxone tablets, beginning with 4 mg and increasing in 2-mg increments as clinically necessary and tolerated up to 12 to 13 mg, if they experienced significant withdrawal symptoms or significant craving or if they had requested a dose increase that the treating physician judged to be appropriate. The supplemental sublingual buprenorphine-naloxone tablets were administered at the clinic under observation, except for weekends and holidays, for which participants received a maximum of 3 days of dosing to take at home. Patients could receive an additional implant if they required 3 or more days per week of any supplemental sublingual buprenorphine-naloxone tablets for 2 consecutive weeks, or 8 or more days of any supplemental buprenorphine-naloxone tablets over 4 consecutive weeks.
Because the placebo implants had a slightly different appearance than buprenorphine implants, steps were taken to maintain the blind: (1) the physician and staff involved in the implant insertion and removal procedures did not participate in efficacy evaluations or discuss with other study staff any information regarding a patient's implants, (2) surgical draping prevented patients from viewing the implants during insertion or removal procedures, (3) staff not involved in implant insertion and removal procedures were forbidden from asking those involved in these procedures about the rod's appearances, (4) each implant was sealed in an opaque, foil-lined pouch that hid the contents from view and was only opened by those involved with the implanting procedures.
All patients received manualguided individual drug counseling. 16 Sessions were held twice a week during the first 12 weeks and then weekly for the subsequent 12 weeks. If a patient missed 6 consecutive counseling sessions, this was judged to be clinically meaningful nonadherence, causing the patient to be withdrawn from the study. Because experienced drug counselors at each site who were familiar with the drug-counseling treatment model provided services, they received no formal training.
Urine samples were obtained 3 times per week throughout the entire 6-month treatment period. Drug screens were performed by a central laboratory and study staff, and patients remained blind to results. If a patient did not provide 9 consecutive urine samples, they were considered nonadherent and withdrawn (ie, 3 weeks was considered a clinically important interval). Participants could continue in the study regardless of test results. Urine toxicology samples were verified at collection by measurement of urine temperature. Patients provided another sample if a urine sample was outside of a valid temperature range. If the second sample was outside of the temperature range, the sample was designated as missing.
Efficacy Assessments
The primary outcome measure was the percentage of the 48 urine samples that were negative for illicit opioids during the first through 16th week of the trial. This 16-week period was selected because of the interest in examining earlytreatment response in the context of this longer-term treatment.
The secondary outcome measure was assessed as the percentages of the 24 urine samples that were negative for illicit opioids during weeks 17 through 24. Additional outcomes measured included the proportion of treatment failures, the proportion of study completers, the patient-report and clinician-report withdrawal scales, a craving scale, and clinician severity and improvement ratings.
Treatment failure was defined as receiving a fifth implant and subsequently requiring 3 or more days per week of supplemental sublingual buprenorphine-naloxone treatment for 2 consecutive weeks or 8 or more days of supplemental sublingual buprenorphine-naloxone treatment over 4 consecutive weeks at any time after the implant dosage increase. Patients who met this definition of treatment failure were withdrawn from the study.
Patient report of withdrawal symptoms was assessed by the Subjective Opiate Withdrawal Scale. 17 Clinician report of withdrawal symptoms was measured with the Clinical Opiate Withdrawal Scale, administered by the investigator or other qualified clinical staff. Craving for opioids was measured using a 100-mm VAS: 0 indicates no cravings; and 100, the maximum craving experienced. All 3 measures were obtained at baseline and at weeks 1, 4, 8, 12, 16, 20 , and 24. The clinician-rated Clinical Global Impressions-Severity (CGI-S) 18 (of opioid dependence) and Improvement scales (CGI-I) 18 were obtained at baseline and at weeks 16 and 24 (or end point).
Safety and Pharmacokinetic Assessments
Vital signs, blood and urine laboratory tests (hematology, liver function tests, coagulation, pregnancy test), and electrocardiograms were obtained at regular study visits. The assessment protocol required that study investigators visually inspect the surgical implant location of each participant during each study visit. Levels of plasma buprenorphine were obtained and analyzed from blood samples taken at baseline and monthly thereafter.
Statistical Analyses
Baseline variables were compared across treatment groups using 2 for categorical variables and t tests for continuous variables.
The primary analysis was conducted using an intention-to-treat approach that included all randomized patients. The primary statistical analysis specified in the study protocol was a van Elteren Wilcoxon rank sum test, 19 stratified by sex and treatment site, comparing study groups on the distributions The denominator for the primary end point was all possible urine samples that could have been collected from implantation through week 16. Missed samples were considered positive for opioids. After a patient was withdrawn from the study, urine samples from the point of withdrawal onward were also considered positive.
A secondary analysis examined the percentage of urine samples over weeks 17 through 24 (using a van Elteren Wilcoxon test stratified for sex and site). Hypothesis testing for the primary analysis and the first secondary analysis was conducted using a fixed-sequence testing procedure. First, the primary hypothesis was tested using a 5% ␣ level. Only if the null hypothesis was rejected for the primary analysis did testing proceed to the first secondary analysis. In accordance with this procedure, no ␣ adjustment for multiple tests is required and the accepted alternative hypotheses may be claimed significant at the 5% level. An additional van Elteren Wilcoxon rank sum test examined the percentage of urine samples negative for the full 24-week period (72 samples per patient).
The proportions of participants who completed the study (defined as completing 24 weeks) were compared between treatment groups with a Cochran Mantel-Haenszel test, stratified by sex and site. The clinical and subjective withdrawal scales and the craving VAS were analyzed using a mixedeffects repeated-measure analysis of covariance using all available assessments and adjusting for sex, site, and baseline value. A spatial power law correlation structure was specified for these analyses. This covariance structure was used because it is appropriate for modeling data when the measurement time points are continuous (unequally spaced) rather than discrete categories, and the correlations decline as a function of the time difference. The CGI-I and CGI-S were analyzed as categorical variables using a Cochran MantelHaenszel test stratified by sex and site.
The incidence of specific adverse events was compared across treatment groups using 2 tests. All statistical analyses were performed using SAS software version 8.2 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Patient Characteristics and Disposition
Of 348 patients screened for the study, 185 were excluded: 98 before and 87 during or after the induction period (FIGURE 1 ). There were no significant differences between the treatment groups (TABLE 1).
Treatment Exposure
The median number of weeks of exposure to the implants (before they were removed) was 24 (range, 0-43 weeks) for buprenorphine and 16.6 (range, The most frequent reasons for early discontinuation in the buprenorphine implant group were nonadherence with the protocol and being lost to followup. In the placebo group, patients most frequently withdrew early because of treatment failure or nonadherence (Figure 1) .
Of those who discontinued because of protocol nonadherence, 2 participants in the buprenorphine implant group and 1 in the placebo group missed 6 consecutive counseling sessions and were therefore withdrawn. There was no evidence of unscheduled implant removal or attempted removal.
Efficacy
A mean of 40.4% (95% CI, 34.2%-46.7%; median, 40.7%) of the 48 urine samples taken for each patient in the buprenorphine group during the first 16 weeks of the study tested negative for opiate use vs a mean 28.3% (95% CI, 20.3%-36.3%; median, 20.8%) in the placebo group (P = .04). The distributions of the percentage of 24 urine samples taken from week 17 through 24 that tested negative for opioid use also showed a statistically significant difference (P Ͻ .001). For the full 24-week treatment period for a total of 72 urine samples from each patient, the buprenorphine group had a mean 36.6% (95% CI, 30.5%-42.6%; median, 29.9%) of urine samples that tested negative for opioids vs 22.4% (95% CI, 15.3%-29.5%; median, 1 3 . 9 % ) f o r t h e p l a c e b o g r o u p (P=.01).
A mean of 42.9 (44.0%) urine samples were actually provided by patients for weeks 1 through 16 and 17.5 (31.1%) for weeks 17 through 24 for the buprenorphine group vs 31.9 (43.2%) for weeks 1 through 16 and 8.5 (14.1%) for weeks 17 through 24 for the placebo group. Retention in the study is shown in FIGURE 2.
Treatment group differences were also evident on additional efficacy measures (TABLE 2). During weeks 1 through 16, 88 of 108 (81.5%) in the buprenorphine implant group remained in the study vs 28 of 55 (50.9%) in the placebo group (PϽ .001). A sig- , and 20, with baseline scores, sex, and site as covariates. Significance tests for CGI-severity and CGIimprovement based on Cochran Mantel-Haenszel test stratified by sex and site. The Clinical Opiate Withdrawal Scale potentially ranges from 0 to 48, with a score of 5 to 12 considered mild; 13 to 24, moderate; 25 to 36,moderately severe; and more than 36, severe withdrawal. The Subjective Opiate Withdrawal Scale scores potentially range from 0 to 64, with each of 16 questions rated on intensity of withdrawal on a 0 (not at all) to 4 (extremely) scale. The visual analog scale ranges from 0 (no craving) to 100 mm (maximum experienced). b Means are adjusted for sex, site, and baseline value. c Data were missing for 17 in the buprenorphine implant group and 8 in the placebo group. nificant difference (PϽ.001) was also evident in completion rates for the full 24-week study period: 71 of 108 (65.7%), buprenorphine implant group; 17 of 55 (30.9%), placebo group. The buprenorphine implant group had lower scores for clinical (PϽ.001) and subjective (P = .004) opiate withdrawal and for opioid craving (PϽ.001) than those in the placebo group across 24 weeks of treatment. At week 24, there were significant differences between the treatment groups on the CGI-S (PϽ.001) and CGI-I (P Ͻ.001) rating scales favoring buprenorphine ( Table 2) .
No patients in the buprenorphine implant group met the definition of treatment failure; 30.9% (17of 55) of placebo patients were classified as treatment failures.
Safety
Ninety-three (86.1%) of those in the buprenorphine implant group had at least 1 adverse event vs 45 (81.8%) of those in the placebo group (TABLE 3) . Implant site adverse events were the most common; these events were normal and expectable consequences of the surgical procedure (not due to difficulties with insertion or removal).
Among adverse events not related to implant site, headache and insomnia were the most common in the buprenorphine group. No significant treatment group differences were apparent for adverse events that occurred with 10% or greater frequency (Table 3) . No adverse events resulted in discontinuation of treatment in the placebo group. In the buprenorphine group, 3.7% of the patients experienced adverse events for which they were discontinued. These adverse events were implant site pain and infection (2 cases), implant site pain, and elevated liver enzymes. Two patients (1.9%) in the buprenorphine implant group experienced serious adverse events compared with 4 (7.3%) in the placebo group. One patient with a history of pulmonary embolism and chronic obstructive pulmonary disease in the buprenorphine group had a pulmonary embolism and an exacerbation of chronic obstructive pulmonary disease, and these events were judged as possibly related to treatment (because of the effect of opioids on respiratory function). The other patient experienced a burn injury. In the placebo group, 1 patient experienced suicidal ideation, another had pneumonia and cellulitis (related to implant site), another had a relapse of opioid dependence resulting in hospitalization, and another had respiratory failure. The patient with pneumonia and cellulitis was hospitalized for 1 day, during which time an incision and drainage were performed on the infected site, and the patient was treated with intravenous and oral antibiotics.
There were no clinically meaningful changes from baseline in vital signs, physical examinations, or electrocardiograms. No clinically significant changes from baseline were observed in hematology or coagulation values in either group. There was a minor increase in mean ALT and mean AST levels in the buprenorphine group, which was attributable to 1 patient who had significant increases in ALT and AST levels that were likely related to a hepatitis C infection and history of alcohol and drug use.
Pharmacokinetics
Mean (SD) steady state plasma buprenorphine concentrations over weeks 4 through 24 were 941 (832) pg/mL vs 495 (720) pg/mL in the placebo group, and the respective medians were 775 pg/mL (range, 378-8070 pg/mL) vs 237 pg/mL (range, 0-3070 pg/mL). The plasma buprenorphine in the placebo group can be attributed to use of rescue sublingual buprenorphine-naloxone tablets and possibly buprenorphine obtained from outside the study.
COMMENT
This study demonstrated that buprenorphine implants are effective in the treatment of opioid dependence over a 24-week period following implantation. Of particular clinical importance are the favorable urinalysis toxicology results 21 and 35%. 22 The improved retention rate was found in the current study despite the buprenorphine implants resulting in relatively low plasma concentrations of buprenorphine. Given the known pharmacokinetics of buprenorphine, 23 the steady state plasma concentration levels are consistent with a constant buprenorphine release of 1 to 1.3 mg/d from 4 to 5 buprenorphine implants. Results from the prior phase 2 study showed that average plasma concentrations of buprenorphine implants were lower than trough plasma concentrations of sublingual buprenorphine measured in the same patients (prior to implants) and that the initial pulse of buprenorphine in the 24 hours following implant insertion was less than half of peak plasma concentration observed with sublingual buprenorphine prior to implant insertion. 13 Extrapolating from the low buprenorphine plasma concentrations, it is possible that a higher number of implants would result in greater efficacy. However, no patients in the buprenorphine implant group exceeded the criterion for treatment failure based on the need for sublingual buprenorphine-naloxone tablets. Thus, it appears that 4 or 5 implants are sufficient to control most cravings and withdrawal symptoms.
Minor implant site reactions were common. However, only 1 patient in the placebo group experienced a major implant site reaction (cellulitis). There was no evidence of unscheduled implant removal or attempted removal. Thus, diversion of the buprenorphine implants appears unlikely.
Several limitations of this study are important to consider: (1) All patients received psychosocial counseling in addition to implants. The extent to which the efficacy of the implants is dependent on this ancillary counseling is not known, although this is the standard of care in addiction treatment. (2) Placebo patients had an average buprenorphine plasma concentration that was almost half that of the active implant group due to the need for rescue buprenorphine-naloxone treatment. The u s e o f r e s c u e b u p r e n o r p h i n enaloxone treatment complicates the interpretation of study results, particularly the plasma buprenorphine levels. (3) The current trial was not statistically powered to examine efficacy within subgroups of patients. The number of implants and extent of supplemental sublingual buprenorphinenaloxone treatment may need to vary depending on initial severity of opioid dependence, duration of opioid dependence, or type of opioid. (4) Attrition was high because of the regulatory requirement to include a placebo control.
In summary, this study found that the use of buprenorphine implants compared with placebo resulted in less opioid use over 16 weeks and also across the full 24 weeks.
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